use, pregnancy, malignancy, immobility (hospitalization within the prior 90 days and/or prolonged travel in the prior 8 weeks), trauma, fractures, spinal cord injury, surgery (major or minor procedure within the preceding 30 days), and varicose veins. Laboratory investigation for thrombophilia was performed at the discretion of the patients' treating physicians.
Berlin Questionnaire
A Berlin Questionnaire (BQ) was completed for all study participants and was used to determine the risk of having OSA. The BQ consists of 10 questions divided into 3 categories, including snoring, daytime somnolence, and hypertension and obesity (defined as a body mass index [BMI] > 30 kg/m 2 ). 26 A high risk of having OSA is defined as a positive response in 2 or more of the following categories: persistent symptoms (≥ 3 times per week) in response to 2 or more questions about snoring; persistent symptoms (≥ 3 times per week) of daytime sleepiness or falling asleep while driving; and history of hypertension or obesity. We excluded patients for whom any of the BQ data were unknown or uncertain. The BQ has been demonstrated to have good validity (Cronbach's alpha: 0.86 to 0.92) with a sensitivity of 86%, specificity of 77%, and a positive predictive value of 89% in a primary care setting. 26 Subsequent studies have confirmed the accuracy in specific medical populations. 27, 28 
Polysomnography
The accuracy of the BQ was validated in a subgroup of our study population who had completed both the BQ and formal nocturnal polysomnography. During the course of the study, nocturnal polysomnography was offered to 37 consecutive patients, 23 of whom underwent testing. Polysomnography included monitoring of the electroencephalogram, electrooculogram, electromyogram, electrocardiogram, thoracic and abdominal movements, nasal airflow, and pulse oximetry (Compumedics, Victoria, Australia). Sleep scoring was performed using the criteria of Rechtschaffen and Kales. 29 An obstructive apnea was defined as an episode of complete airflow cessation lasting at least 10 seconds with persistent respiratory effort and an hypopnea was defined as a 30% or greater decrease in airflow from baseline lasting at least 10 seconds and a 4% or greater decrease in oxygen saturation from baseline. 30 The sensitivity, specificity, and positive and negative predictive values of the BQ were determined using the polysomnographic findings as the gold standard. Polysomnography results were analyzed without knowledge of the patients' other clinical information. OSA was defined by criteria set forth by the American Academy of Sleep Medicine. 31 An apnea-hypopnea index (AHI) of at least 15 was used to define a positive study. This threshold was chosen to avoid including patients with mild OSA because a higher AHI is associated with higher odds of the patient having cardiovascular comorbidity.
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Statistical Analysis
First, descriptive statistics were obtained comparing the PE and non-PE group in terms of the presence of OSA risk or snoring. The 2 groups were also compared in terms of various demographic and clinical variables. We evaluated risk factors for PE in 2 categories: hereditary and acquired. Since laboratory investigation for thrombophilia was not performed in the non-PE group, this factor was not examined in the model. Continuous variables are described using mean and SD while numbers and percentages are used to describe categorical variables.
Second, univariate logistic regression models for PE were performed to examine the unadjusted effect of each of the demographic and clinical variables on the risk of PE.
Adjusted analysis using a multivariate logistic regression model for PE was also performed to examine the independent effect of risk of having OSA after adjusting for other potential confounding factors. Factors that were significantly associated with PE in the univariate logistic regression analyses were included in the multivariate model, except for age, which was controlled for in the model, regardless of significance. The backward elimination procedure was used to obtain the final model, and factors that showed no further significant improvement to the model fit were eliminated. The validity of the model was assessed using the Hosmer and Lemeshow goodness-of-fit test. 35 
RESULTS
Study Population
During the study period, 326 consecutive patients underwent CT angiography for suspected PE. There were 80 patients (25%) with PE and 246 patients (75%) with no evidence of PE on CT angiography. A total of 71 out of the 80 patients who had PE (89%) and 199 out of 246 patients who did not have PE (81%) were enrolled in the study (P = 0.11) (Figure 1 ). The remaining patients could not be contacted, could not complete the questionnaire, or refused to participate. The clinical signs and symptoms that led to suspicion for PE were similar among the PE and non-PE groups. There were no statistically significant differences between the different groups in terms of the reasons for nonparticipation in the study (data not shown). Table 1 lists demographic and clinical characteristics in both the PE and non-PE groups, as well as results from univariate logistic regression models for the risk of PE. Average age was similar for both groups. There was a higher prevalence of men in the PE group versus the non-PE group (61% vs 37% respectively, odds ratio [OR] = 2.65, P = 0.001). Weight was also greater among patients with PE than among those with- out PE (86 ± 23 kg vs 78 ± 20 kg, respectively, OR = 1.18 per 10-kg increase, P = 0.008), but BMI was not significantly different between those with and without PE (28.7 ± 7.0 kg/m 2 vs 27.9 ± 6.7 kg/m 2 , respectively, OR = 1.02, P = 0.38). Hereditary risk factors for PE were significantly more prevalent in the PE group than in the non-PE group (14% vs 3%, OR = 5.27, P = 0.002), whereas the effect of acquired risk factors for PE did not reach statistical significance (75 % vs 64%, OR 1.63, P = 0.11). Furthermore, results from the evaluation of each individual factor grouped as acquired risk factors showed no statistically significant association with PE (data not shown).
There was a lower prevalence of congestive heart failure in the PE group than in the non-PE group (6% vs15%, OR = 0.34, P = 0.048). There was no difference in the prevalence of hypertension, smoking, or myocardial infarction between groups. Other known risk factors for PE (pacemaker/central line, inflammatory bowel disease, and nephrotic syndrome) showed no significant difference.
Prevalence of snoring and risk of OSA in patients suspected of having a PE Table 1 demonstrates that patients with PE had a significantly higher prevalence of snoring, compared with patients without PE (75% vs 50%, respectively). The OR for snoring was 2.91 (95% confidence interval: 1.60, 5.33, P = 0.001). Similarly, patients with PE had a significantly higher prevalence of risk of having OSA, as defined by a positive BQ (65% vs 36%). Results from the univariate analyses showed that PE was significantly associated with risk of having OSA as defined by the BQ (OR = 3.25, P < 0.001).
The association of snoring and the risk of having OSA with the presence of PE was further evaluated with a multivariate logistic regression model that considered several demographic and clinical factors, as previously described (Figure 2 ). Factors examined in the final model included age, gender, hereditary risk factors, and risk of having OSA (BQ). PE was significantly associated with male gender (OR = 2.37, P = 0.004) and the presence of hereditary PE risk factors (OR = 4.37, P = 0.009).
Although weight was significantly greater in the PE-positive versus the PE-negative group, (Table 1) , the effect of weight (not shown) was not statistically significant in the multivariate model (OR = 1.04, per 10-kg increase, P = 0.61). Similarly, despite the association between PE and absence of CHF in the univariate analysis, this association was not significant in the multivariate model (OR = 0.38, P = 0.10).
PE was significantly associated with the risk of having OSA, as determined by a positive BQ (OR = 2.78; 95% confidence interval = 1.54, 5.03; P = 0.001). In contrast, snoring (not shown) was not significantly associated with PE in the multivariate of these conditions may develop in the setting of OSA. OSArelated hemodynamic alterations may lead to acute reductions in venous return and chronic venous stasis. 13 OSA is associated with an increase in circulating thrombogenic factors, including fibrinogen, von Willebrand Factor, platelet activation, plasminogen activator inhibitor-1, and D-dimer levels. 10, 15, [42] [43] [44] There is evidence that OSA directly impairs vascular endothelial function: both an increase in endothelin-1 levels, which may lead to vasoconstriction, and a reduction in nitric oxide, which may impair vasodilatation, have been described. 17 Furthermore, OSA is associated with sympathetic nervous system activation 14 and an increase in inflammatory mediators, catecholamines, cellular and vascular endothelial adhesion molecules, and oxidative stress, all of which have prothrombotic effects. 12, 15, 16, 45 Hence, OSA may be sufficient, in and of itself, to fulfill the conditions of Virchow's triad. Our study results provide clinical evidence to further support an association between OSA and PE.
Although we found a high prevalence of snoring and risk of having OSA in patients with acute PE, our results must be interpreted in light of several limiting factors. First, the risk of OSA was determined by the BQ, rather than by polysomnography, which is the gold standard for diagnosis. Although some of the questions entail a degree of subjectivity, we excluded patients for whom any of the BQ data were unknown or uncertain (e.g., perception of snoring in subjects living alone). The BQ has been shown to be very accurate in predicting OSA in an outpatient primary care setting, as well as in other patient populations. [26] [27] [28] The BQ was also highly accurate in our validation study, but the sample size was small and the majority of those studied were positive for PE. Patients with PE were more prevalent in our validation subgroup, probably due to a greater willingness to undergo polysomnography. This may reflect the fact that the patients who had PE were more concerned about knowing whether OSA could have contributed to their PE.
Second, the effect of risk factors on the association between PE and OSA should be interpreted with caution. Laboratory testing for thrombophilia was performed at the discretion of the treating physicians and was not obtained in the majority of patients. Other known risk factors for PE that did not reach statistical significance (probably due to small sample size) were not included in the multivariate logistic regression model. Immobility, defined as hospitalization within the prior 90 days or prolonged travel in the prior 8 weeks, was considered as an acquired risk factor, which has been associated with PE.
5,24,46,47 However, we found no statistical difference for immobility in the PE versus the non-PE group. A reduced level of physical activity has also been shown to correlate with the severity of OSA. 48, 49 However, these data were based on retrospective analyses, and the methodology and definitions have not been well standardized or well validated. Although it is possible that relative physical inactivity, as a result of OSA, might also predispose a patient to the development of PE, we were not able to accurately quantify the level of physical activity in our patient population.
Third, the decision to obtain CT angiography was based on the clinical gestalt of the treating physician. There is conflicting evidence regarding the use of standardized clinical decision rules versus clinical gestalt in the diagnosis of PE. However, in model (OR = 1.32, P = 0.58). This suggests that the association between snoring and PE, as shown in the univariate analysis, becomes insignificant once it is examined in the multivariate model that includes the risk of OSA. This can be explained by the fact that snoring is already incorporated in the BQ from which the risk of OSA was determined.
BQ Validation
Twenty-three consecutive patients, 19 of whom were positive for PE, underwent polysomnography in addition to completing the BQ. An AHI of at least 15 was used to define a positive study. The BQ was positive in 13 patients, 12 of whom had a positive nocturnal polysomnogram. BQ was negative in 10 patients, all of whom had a negative nocturnal polysomnogram. When compared with results of polysomnography as the gold standard, the BQ performed with a sensitivity of 100% and specificity of 91%. The positive predictive value was 92%, and the negative predictive value was 100%.
DISCUSSION
We found a significantly higher prevalence of snoring and risk of having OSA in patients with acute PE, in comparison with patients in whom PE was suspected but ruled out. Our data also suggest that this association might be independent of other risks factors common to both PE and OSA. A relationship between sleep disordered breathing and PE was first suggested more than 30 years ago in case reports of PE in patients with the so-called Pickwickian syndrome. [18] [19] [20] Several more recent studies have examined the prevalence of OSA in uncontrolled case series of patients with acute PE. 21, 22 A small, uncontrolled, prospective cohort study of patients with newly diagnosed OSA found an increased incidence of venous thromboembolism over 3 years following OSA diagnosis. 23 To our knowledge, the present investigation is the first controlled study to demonstrate an association between OSA and PE.
We found a higher prevalence of PE in men, consistent with previous reports. 36, 37 The lower prevalence of PE in patients with congestive heart failure may be explained by the fact that the presenting symptoms (most commonly shortness of breath and chest pain) in the negative PE patients were more likely due to cardiovascular disease. Obesity constitutes a well-known risk factor for OSA, although its association with PE has been debated. 5, 38 Weight was higher in the PE group, perhaps because the majority of patients with PE were men, but body mass index was similar between the 2 groups. Interestingly, it has been hypothesized that sleep apnea may be one of the mechanisms whereby obesity contributes to the development of cardiovascular disease. 39 It is possible that this same relationship could exist between obesity and PE.
Utilizing the BQ, the 2005 National Sleep Foundation poll of adults in the United States estimated a prevalence of OSA of approximately 25%. 8 Furthermore, the prevalence of OSA in hospitalized patients with cardiovascular disease has been reported to be as high as 65.7%. 40, 41 The higher risk of having OSA in our cohort (36% in the non-PE group and 65% in the PE group) may reflect the fact that the majority of patients in our study were hospitalized.
Thromboemboli arise in the setting of venous stasis, endothelial injury and hypercoagulability (Virchow's triad). Each general, these two approaches are felt to have comparable accuracy among experienced physicians. [50] [51] [52] [53] [54] Additionally, and in accordance with prior reports, 55 the prevalence of clinical signs and symptoms that led to the suspicion of PE showed no statistically significant difference among the PE and non-PE groups in our study.
Fourth, we enrolled only patients who underwent a CT angiogram of the chest, and the concomitant presence of DVT was not routinely ascertained. Even though DVT is considered part of the spectrum of venous thromboembolism, our study did not address whether OSA is also associated with DVT. Finally, we did not include patients in whom diagnostic testing for PE was performed with ventilation/perfusion scanning. We specifically sought to define our study population (both cases and controls) based on a single test. CT angiography was chosen based on its superior specificity and the lack of need to assess clinical pretest probability, as is required for ventilation/perfusion scanning. [56] [57] [58] In summary, we found a high prevalence of snoring and high risk of having OSA in patients diagnosed with acute PE. Based on a growing body of evidence suggesting pathophysiologic plausibility, our findings support the concept that OSA may represent an independent risk factor for the development of PE. Given the high prevalence of OSA and the high morbidity and mortality associated with PE, additional studies are warranted to address this relationship.
